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INTRODUCTION 
3 
The loss of productivity by dairy cattle during exposure to high tempera-
ture raises a perennial question. Is the loss caused by the high temperature, by 
a lower energy intake, or by both factors? Under field conditions less feed energy 
is available from pastures during the hottest part of the summer. Under labora-
tory conditions continuous exposure to high temperature (31 ° C) depresses the 
feed consumption when the cows are fed ad libitum. 
Hashizume et al. (1964) recently reviewed the literature on the energy utili-
zation of lactating dairy cows and presented data on the effects of two rations 
on energy utilization and productive efficiency. More information is needed, how-
ever, to clarify how these factors are affected by environmental temperature. 
Our approach to this problem was to establish the normal level of energy 
intake for full production at a favorable temperature (18° C) and then maintain 
this same energy intake during exposure to high temperature (31 ° C). Compari-
sons at the 18° C and 31 ° C temperatures could then be made of the efficiency 
of utilization of feed energy when controlled at a constant level or fed ad libitum. 
Controlled feeding at a constant level was accomplished by using fistulated 
animals. Supplementary feeding to maintain the same energy intake at environ-
mental conditions of 31 ° and 18° C was made through a cannula into the rumen. 
Comparisons were made between the control fed and ad libitum fed cows with 
special attention to the efficiency oJ conversion of feed energy to maintenance 
and product energy. Data are presented for energy metabolism, pulse rate, rectal 
temperature, respiratory rate and volume, respiratory vaporization, and local skin 
vaporization. These measures are related to maintenance energy, milk energy, 
and storage of energy in body weight gains. 
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METHODS 
Animals and Management 
The experimental animals consisted of six Holstein cows just past the peak 
of lactation. Four of the cows were provided with rumen fistulas in which lucite 
cannulas were installed to permit the introduction of feed into the rumen. The 
two unfistulated cows were allowed to regulate their own feed consumption. 
The cows were placed in individual stalls in one test room of the Missouri 
Climatic Laboratory. Separate feed mangers and water cups were provided for 
each animal. They were fed mixed rations of chopped hay, concentrates, and 
molasses which provided more than adequate protein and energy. They were di-
vided into two ration groups (10 percent and 30 percent molasses in the mixes). 
A discussion of the effects of the amounts of molasses in the mix on milk pro-
duction and feed consumption has already been reported (Wayman et al., 1962). 
A preliminary analysis showed no significant effect of the percentage of molasses 
on the data reported here. This factor was accordingly disregarded and the data 
for the two groups were pooled in subsequent analyses. The gross energy of a 
unit weight of feed was determined by bomb calorimetry and weighed amounts 
of feed were supplied to each cow. 
During the initial weeks of the experiment, all cows were kept at 18° C 
temperature, 50 percent relative humidity, and fed ad libitum. At this time the 
control feed level was established for the fistulated cows. This same level was 
maintained for the four fistulated cows during the remainder of the experiment. 
The other two cows were fed ad libitum at all times. The sequences and lengths 
of exposures to the 18° C and 31 ° C temperatures are shown in Table 1. All 
feed that was refused by the fistulated cows at the 31 ° C temperature was weighed 
back and poured through the cannula into the rumen. To insure some cannula 
feeding even at the 18° C temperature, 20 percent of the daily ration for each of 
the four cows was added through the cannula. At the 31° C temperature, more 
than 20 percent of the daily feed was refused and had to be fed through the can-
nula. More complete information on the animals, their management, and the 
milk and feed data are given in another bulletin Oohnson et al., 1966). 
Animal Measurements 
Indirect calorimetry measurements of standing metabolic rate were made on 
individual animals with a mobile open-circuit apparatus. During periods 1 and 2, 
tests were made twice during the first week, twice during the second week, and 
four times during the third week of each 18° C and 31 ° C temperature expo-
sure. During period 3, the tests were made during the third week only. The 
measurements made with the open-circuit apparatus and its accessories included 
oxygen consumption, carbon dioxide production, methane production, exhaled 
air volume, tidal air (volume per respiration), respiratory vaporization, and local 
skin vaporization at one place on the back. The apparatus and analyzers have 
been described in an earlier bulletin (Kibler, 1960). 
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TABLE 1--ENVIRONMENTAL SCHEDULE FOR CONTROLLED FEEDING STUDIESa 
Date 
Period Temperature 
1960-61 No. Pur ose 
oc 
Dec. 5 - Dec. 11 Adjustment 18°C (65°F) 
Dec. 12 - Dec. 18 Adjustment 18 
Dec. 19 - Dec. 25 A I' . b 18 cc 1mationb 
Dec. 26 - Jan. l Acclimation 18 
Jan. 2 - Jan. 8 Measuremenbs 18 
Jan. 9 - Jan. 15 Acclimationb 30°C (86°F) 
Jan. 16 - Jan. 22 Acclimation 31°C (88°F) 
Jan. 23 - Jan. 29 Measurements 31 
Jan. 30 - Feb. 5 Acclimationb 18 
Feb. 6 - Feb. 12 Acclimation 18 
Feb. 13 - Feb. 19 2 Measurements 18 
Feb. 20 - Feb. 26 Acclimationb 31 
Feb. 27 - Mar. 5 Acclimationb 31 
Mar. 6 - Mar. 12 Measurements 31 
Mar. 13 - Mar. 19 Acclimation 18 
Mar. 20 - Mar. 26 Acclimation 18 
Mar. 27 - Apr. 2 3 Measurements
 18 
Apr. 3 - Apr. 9 Acclimation 31 
Apr. 10 - Apr. 16 Acclimation 31 
Apr. 17 - Apr. 23 Measurements 31 
aCows 833 and 17 were fed ad libitum at all times. Cows 7, 12, 11 and 876 were fed 
at a fixed level which was established by their voluntary feed consumption during the 
initial weeks of exposure to 18°C (65°F) temperature. The relative hum idity was 
maintained at approximately 50% at al I times and the air movement was 0. 5 mi !es per 
hour. 
bSome measurements with the open-circuit apparatus were made during these weeks. 
5 
Pulse rate, respiratory rate, and rectal temperature were measured five times 
each week on all animals by use of stethescope, stopwatch, and veterinary ther-
mometer. 
All measurements were made between 1 :00 p.m. and 3 :00 p.m., or about 
eight hours after the morning feeding, on standing animals. 
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RESULTS AND DISCUSSION 
The results are summarized in Tables 2, 3, 4, and 5 and Figures 1, 2, and 3 . 
The data for individual animals are given in the Appendix in Tables 6 through 
13. 
Cycles Caused by Temperature Alternations 
The cycles produced by the three alternations in temperature from 18° C 
w 31 ° C are quite evident (Fig. 1) for most of the measurements and for both 
groups. They do not occur, of course, in the total digestable nutrient curve for 
the control fed group, as the feed intake was controlled at a constant level by 
design. In other measures related to energy intake, such as metabolic rate and 
body weight, the absence of cycles in the curves for the control fed group is in 
sharp contrast to their presence in the curves for the ad libitum fed group. The 
presence of cycles in energy metabolism in the ad libitum fed cows and their 
absence in the control fed cows indicates that, in the main, temperature con-
trolled energy intake, and that energy intake controlled the level of energy utili-
zation. 
Heat dissipation, however, as indicated by the levels of respiratory rate, 
volume of exhaled air per minute, and respiratory vaporization displayed cycles 
of somewhat greater amplitude in the control fed than ad libitum fed cows. 
Maintenance of a constant energy intake by control feeding during the 31° C 
periods prevented the usual decrease in heat production and accentuated the ef-
fect of high temperature on physiological functions involved in maintaining 
homeothermy through heat dissipation. During the 18° C periods, the energy 
intake by control feeding had little effect since energy intake was at approxi-
mately the normal level for that temperature. For these reasons, the levels of 
functions involved with heat dissipation tended to be normal at 18° C and ele-
vated at 31 ° C. The quantity and constancy of the caloric intake thus influenced 
the amplitude of the physiological changes caused by the exposures to the 18° C 
temperatures. 
Rates of Adjustment 
The rates of adjustment of the different measures t0 the 31 ° C temperature 
were estimated by comparing the change made during the first week of a pe-
riod with the maximum change made during the period (Table 2). 
The four measures of respiratory activity associated with heat dissipation 
changed quite rapidly. The TDN, the potential source of heat production, de-
creased rapidly in the ad libitum fed group. The energy metabolism, or heat pro-
duction, also decreased but less rapidly. The rapid decrease in body weight in 
the ad libitum fed group indicates that body tissue was being catabolized, and 
this explains why the energy metabolism decreased less rapidly than the energy 
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Figure 1. Responses of control fed and ad libitum fed groups of lactating 
Holstein cows to 18° C and 31 ° C temperatures. Feed consumption decreased 
at 31° C and increased at 18° C with ad libitum feeding; it was artificially main-
tained constant at the high level by supplementary cannula feeding in the con-
trol fed group. 
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TABLE 2--RATES OF ADJUSTMENT FROM 18° C TO 31° C TEMPERATURES FOR 
SEVERAL PHYSIOLOGICAL MEASURES; FIRST WEEK CHANGE AS 
A PERCENTAGE OF MAXIMUM CHANGEa 
Measurements at 
31°c Temperature 
Energy metabolism 
Body weight 
Total digestible 
nutrients 
Exhaled air 
volume 
Tidal air 
Respiratory rote 
Respiratory 
vaporization 
Pulse rote 
Rectal 
temperature 
Mean Change during First Week 
Mean Maximum Change during 3-week Period 
(Percent) 
Control fed Ad Libitum 
----
0 -24 
+51 -43 
0 -68 
+68 +100 
-54 -90 
+66 +81 
+49 +55 
+20 +3 
+34 +62 
0 Means of three rep I ications; the +and - signs indicate the direction of change during 
the first weeks at 31°C. 
intake. The TDN intake was held constant, of course, in the control fed group, 
and this procedure accounts for this group's nearly constant metabolic rate dur-
ing changes in temperature from 18° C to 31 ° C. 
Response Levels 
The differences between the control fed and ad libitum fed groups in average 
measurement levels (Fig. 1) appear to result from differences in body size and 
productive level. The mean body weights were 516 kg for the ad libitum fed 
group and 456 kg for the control fed group. The ad libitum fed group produced 
an average of 16.8 kg of milk per day whereas the control fed group produced 
only 14.8 kg per day. These differences are probably associated with the greater 
consumption of TDN, the higher metabolic rate, pulse rate, and greater respira-
tory activity in the ad libitum fed group than in the control fed group. The skin 
vaporization was measured at only one spot on the animal and appears to be 
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TABLE 3--DI FFERENCES IN RESPONSE TO 18° C AND 31° C TEMPERATURES IN TWO 
LACTATING HOLSTEIN COWS WHICH WERE FED AD LIBITUM AND IN FOUR 
LACTATING HOLSTEIN COWS WHICH RECEIVED FIXED QUANTITIES OF 
FEED DURING THREE SIX-WEEK PERI ODS (3 WEEKS AT 18° C AND 3 
WEEKS AT 31° C DURING EACH PERIOD)a 
Temperature Effects 
Change in Level Stotistical Comparison b 
Function From 18° to 31°C 
Ad libitum Control Fed Between Feed With in Feed Groups 
--- Groups 
Ad libitum Control Fed 
---
Pulse rate, beats/ 
minute -10. 7 - 6.4 N.S. .01 .01 
Rectal temperature 
oc 1. 42 1.46 N.S. .01 .01 
Respirations/min. 28.8 46.0 .01 .01 .01 
Respiratory volume, 
1/min. (P.V.R.) 17.7 46.9 .01 .05 .01 
Tidal air, liters -0.41 - 0.30 N.S. .05 N, S. 
Respiratory vapor-
ization, g/hr. -8.5 69,8 .01 N.S. .01 
Skin vaporization, 
kcal/hr . 16.5 13.2 N.S. .05 .01 
Energy metabolism, 
kcal/hr. -183 14 .01 .01 N.S. 
Body weight, kg. -16. 1 10.8 .01 .01 .01 
Four% milk, 
kg/day - 5. 9 - 2.7 .01 .01 .01 
Feed, kg/day 
- 6.5 0.0 .01 .01 N.S. 
aDifferences equal third week means at 31°c minus third week means at 18°C. 
bPvaluescomputed by"t"-tests; < .01 =highly significant,< .05 =significant, and 
N. Si :::: not significant. See section on methods. 
too low to be representative of whole body skin vaporization. However, the data 
do show temperature cycles. 
The differences between the stabilized levels of the physiological responses 
at 18° C and 31 ° C are summarized in Table 3 and Figure 2. There were several 
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PERCENT CHANGE IN MEASUREMENTS,18°C TO 31°C 
100 
50 
0 
-50 
• 0 
CONTROL FED 
AD LIBITUM FED 
Figure 2. Compensatory reactions to thermal stress in control fed and ad libitum 
fed lactating Holstein cows. Note the differences in direction of change in the 
heat producing and heat dissipating functions, and differences in magnitude 
and/ or direction of change between the two groups. The measurements were 
abbreviated as follows: R.P.M. for respirations / minute: P.V.R. for pulmonary 
ventilation rate or respiratory volume, liters/ minute; R.V. for respiratory vapor-
ization, grams/ hour; S.V. for skin vaporization, kcal/hour; R.T. for rectal tem-
perature, °C; B. W. for body weight, kg; H.P. for heat production or energy 
metabolism, kcal/hour; P.R. for pulse rate, beats / minute; and T.A. for tidal 
air, liters. 
significant differences in the effects of the 31 ° C temperature on the control fed 
cows and those that were allowed to regulate their own feed intake. Heat dis-
sipating functions such as respiratory vaporization increased by 70 percent in the 
control fed group but showed no significant change in the ad libitum fed group. 
The respiratory rate and volume also increased significantly more in the control 
fed than ad libitum fed group. 
Heat production (energy metabolism) did not change significantly at 31 ° C 
temperature in the control fed group but decreased significantly in the ad libitum 
fed group. The control fed group made a significant gain in body weight at 31 ° 
C temperature whereas the ad libitum fed group suffered a significant loss in 
body weight. Pulse rate decreased significantly by about the same amount in the 
control fed and ad libitum fed groups. Rectal temperature increased significantly 
by about the same amounts in the control fed and ad libitum fed groups. 
Utilization of Feed Energy 
The data shown in Table 4 and Figure 3 are mean values for the 18° C and 
31 ° C temperatures for all of periods 1 and 2 and the third week of period 3. 
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TABLE 4--EFFECT OF 18°C AND 31°C TEMPERATURES AND CONTROLLED FEEDING 
ON ENERGY LEVELSa 
(C =Control Fed at Constant Level; A= Fed Ad Libitum) 
Body Weight Gross Energy Energy Milk Energy b Storage Energy c Temper-
ature (wt) kg Intake Metabolism kccil/hr kcal/hr 
oc kcal/hr kca l/hr 
c A c A c A c A c A 
18 452 518 2187 2743 748 978 473 513 -26 +185 
31 457 507 2210 1940 770 902 427 389 +105 -151 
Temper- Milk Energy Metabol izgb le Energy Metabolizable Gross_ Energy In Plus Storage Metabolism 
ature Energy Energy kcal/24 hr Energl in 24 hr 24 hr oc kcal/hr (Wt . I kg) . 75 (Wt. I kg). 75 kcal/hr (Wt. I kg). 75 
c A c A c A c A c A 
18 447 698 1195 1676 183 216 293 370 536 606 
31 532 238 1302 1140 185 203 313 256 531 436 
a Averages for three pe riods (3 weeks in each of periods I and 2 and the third week in 
period 3) . 
bMilk energy was computed by use of t he formula: kcal/g of solids= 4.516 + 0.321 x 
fat test, as developed by Lofgreen and O tagaki ( 1960) . 
cStorage energy was computed for body weight changes with corrections for differences 
in rumen fill (assumed to be equal to differences in feed intake per feeding at the 
different temperatures). These changes in body weight were assumed to have a 
caloric value of 5 kcal/gram (Bath!:!~·, 1965). Correction of body weight for milk 
storage was unnecessary as the cows were milked just before they were weighed. 
dMetabolizable energy was computed to be equal to energy metabolism plus milk 
energy pl us storage energy. 
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Figure 3. Rates of transfer of gross feed energy into milk energy. storage 
energy, and energy metabolism at 18° C and 31 ° C temperatures in cattle fed 
at a constant energy level by cannula, and in cattle fed at levels self-regulated 
by appetite. 
The data for the first and second weeks of period 3 were not included in the 
averages because some measurements were not made during this time. 
The average gross energy intake of the control fed group was 2187 k cal/hr 
at 18° C and 2210 k cal/hr at 31 ° C. The energy metabolism likewise was not 
significantly different at the two temperatures in this group. A small decrease in 
milk energy was compensated by an increase in storage energy (weight gain) so 
that the metabolizable energy was not significantly different at the two tempera-
tures. 
In the ad libitum fed group, the voluntary gross energy intake was 2743 k 
cal/hr at 18° C and 1940 k cal/hr at 31° C. This drastic decrease in feed con-
sumption resulted in sharp declines in two of the components of metabolizable 
energy: milk energy and storage energy. Even when divided by the 0.75 power 
RESEARCH BULLETIN 913 13 
of body weight, the metabolizable energy and gross feed energy each decreased 
by about 30 percent. The decrease was smaller, however, for energy metabolism. 
A possible percentage increase in digestibility with lowered feed intake may have 
made more of the gross feed energy available for metabolic activities. Davis and 
Merilan (1960) reported that environmental heat severe enough to decrease feed 
intake substantially, increased digestibility by 4 to 6 percent. 
Energetic Efficiency 
It is of interest to know how efficiently the gross energy of the feed was 
utilized and how this efficiency was affected by controlled feeding and environ-
mental temperature. The data of Table 5 indicate that about 20 percent of the 
feed energy appeared in the milk under all the conditions. Also, the metaboliz-
able energy as percent of gross energy (average value, 58.8 ± 1.5 percent) was 
TABLE 5--EFFECT OF ENVIRONMENTAL TEMPERATURE AND CONTROLLED 
FEEDING ON ENERGETIC EFFICIENCIES0 
(C =Control Fed at Constant Level; A= Fed Ad Libitum; 
Vo I ues are given as percentages of gross feedenergy.) 
(Percent) 
Temper- Energy Metabolism 
ature Gross Energy 
oC 
Milk Energy 
Gross Energy 
Storage Energy 
Gross Energy 
c A c A C A 
18 34.2 35.7 21.6 18.7 -1.2 6.7 
31 34.8 46.5 19.3 20. 1 4.7 -7.8 
Temper- (Milk +Storage) Energy Metobol izoble Energy Methane Loss b 
a tu re Gross Energy Gross Energy Gross Energy 
oc 
c A c A c A 
18 20.4 25.4 54.6 61. 1 4.8 6.2 
31 24.1 12.3 58.9 58.8 4.3 8.2 
0 The averages include weeks l, 2 and 3 of periods 1 and 2, and week 3 of period 3; 
energy metabolism was not measured in weeks 1 and 2 of period 3. 
bThe estimated losses of energy in methane ere probably low in the control fed cows 
because some of the methane in the rumen leaked out around the connulos and was 
not measured. 
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not significantly affected by controlled feeding or temperature. However, the 
cows that were fed at a constant level tended to gain weight at the 31 ° C tem-
perature, whereas those that were fed ad libitum gained weight at 18° C but 
lost weight at 31 ° C. As a result, the feed energy used for productive purposes 
(milk energy plus storage energy of body fat and protein) decreased significantly 
(P<.01) from 25.4 percent at 18° C to 12.3 percent at 31 ° C in the ad libitum 
fed cows but did not change significantly in the control fed cows. 
A significantly (P<.005) higher percentage of the feed energy at the 31° C 
temperature was used for heat production instead of milk and storage by the ad 
libitum fed cows ( 46.5 percent) than by the control fed cows (34.8 percent). 
Table 5 indicates that more energy was lost in the methane by the ad libitum 
fed cows than by the control fed cows. However, the fistulated cows lost some 
methane by leakage around cannulas and this may account for the difference. In 
brief, the control of energy intake at a fixed level by cannula feeding at 31 ° C 
prevented a decrease in the efficiency of utilization of gross feed energy for pro-
ductive purposes. 
Laboratory Versus Field Conditions 
Berman et al (1963) reported milk yields and heat production for Israeli-
Holstein cows which were divided into two feeding level groups and kept in 
open sheds during two seasonal temperature periods (16° to 22° C, and 23 ° to 
28° C). 
Although the open shed tests were conducted in a sub-tropical climate, the 
maximum daytime temperatures at the higher temperature range were not as 
severe as the constant 31° C temperature maintained in our laboratory tests. The 
differences in environmental heat resulted in a rise in rectal temperature of only 
0.03 ° C in the cows in the open shed compared to 1.4 ° C in the cows in the 
laboratory. 
There was also a difference in feeding levels. In the open shed tests, ad 
libitum feeding was compared to restricted feeding (restricted to about 25 per-
cent below the ad libitum level). In the laboratory tests, ad libitum •'.'eding was 
compared to controlled feeding (equal to ad libitum feeding at 18° C and main-
tained at this fixed level at 31 ° C by supplemental rumen feeding to prevent a 
decrease in feed intake). 
While the open shed tests and our laboratory tests had different objectives 
and were not directly comparable in many respects, there are some interesting 
relationships. In the laboratory tests, controlled feeding prevented a decrease in 
feed intake at the 31 ° C temperature and maintained milk yield within 12 per-
cent of the level at the 18° C temperature. With ad libitum feeding the milk 
yield decreased 17 percent and the TDN intake decreased 26 percent at the 31° 
C temperature. In the cited open shed tests, milk yield decreased 12 percent with 
ad libitum feeding and 4 percent with restricted feeding, with increased tempera-
ture. It appears that maintenance of a fixed level of feeding either by controlled 
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feeding or by restricted feeding lessens but does not entirely eliminate the de-
crease in milk production that occurs at high temperatures. 
SUMMARY 
Increasing the environmental temperature from 18° C to 31 ° C decreased 
the ad libitum energy intake in two lactating Holstein cows significantly 
(P < .001) below the level required for maintenance and full milk production. 
As a result, these animals were forced to channel a disproportionately large part 
of their low energy intake for non-productive purposes, and a significant de-
crease (P <.Ol) occurred in milk energy plus storage energy (estimated from 
body weight gains). The efficiency of conversion of gross energy to milk and 
storage energy, therefore, decreased significantly ( P <.025) from 25.4 to 12.3 
percent. 
Supplementary feeding of four other lactating Holstein cows through can-
nulas into the rumen to offset the decreased energy intake at the 31 ° C tempera-
ture prevented a decrease in efficiency of utilization of gross energy for milk 
energy plus storage energy. Milk energy did decrease at 31 ° C in the control 
fed cows but the decrease was significantly smaller (P<.01) than in the ad libi-
tum fed cows and was compensated by increased storage energy. 
Exposure to the 31 ° C temperature caused measurable thermoregularory 
responses. Significantly greater decreases occurred in heat producing and related 
measures (energy metabolism, milk production, and body weight in the ad libi-
tum fed cows than in control fed cows. Measures involved in heat dissipation 
(respiratory frequency, volume, and vaporization rates) increased significantly 
more in the control fed than ad libitum fed cows. The control fed cows were 
able to utilize a considerable part of their supplementary energy intake for pro-
ductive purposes, and to dissipate the extra heat evolved with no significantly 
greater rise in rectal temperature than was shown by the ad libitum fed cows. 
In brief, this experiment has demonstrated that energy intake is normally 
influenced by environmental temperature and production but that when energy 
intake is held at super-normal levels with respect to high temperature (31 ° C), 
much of the excess energy not used for thermoregulation is channeled into pro-
duction. In this experiment, only part of this extra energy was used for milk 
production; the remainder was stored in body weight gains. As a result, the effi-
ciency of utilization of feed energy solely for milk production was lowered by 
forced feeding, although the efficiency for milk production plus body weight 
gain remained high. The contrast in the responses of the ad libitum and control 
fed cows indicates that the depression of milk production that occurred at high 
temperature was associated not only with redu.ced energy intake but also with 
other temperature-related mechanisms. Further investigations are needed to de-
termine the iong range effects of forced feeding at high temperature. 
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APPENDIX 
TABLE 6--ENERGY METABOLISM, kcal/hr, OF LACTATING HOLSTE IN COWS: 
EFFECTS OF TEMPERATURE AND CONTROLLED FEED ING 
Temper- Feed Group 
Period a tu re Week Contro l led Ad Libitum oc 
---
Herd No. Herd No. 
7 11 12 876 17 833 
1 787 660 622 719 884 846 
18 2 734 581 646 702 933 958 
1 3 700 629 624 825 980 919 
1 674 671 653 982 918 906 
31 2 742 666 678 616 753 727 
3 874 754 708 676 873 854 
l 807 732 631 880 889 818 
18 2 824 816 734 730 1054 899 
2 3 805 779 718 829 1196 997 
l 777 872 799 758 1211 1001 
31 2 710 865 731 783 995 821 
3 866 867 742 838 948 827 
3 18 3 901 857 844 907 1064 1250 
31 3 777 828 790 855 909 899 
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TABLE 7--EXHALED AIR VOLUME, a LITERS/MINUTE, STP, IN LACTATING 
HOLSTEIN COWS; EFFECTS OF TEMPERATURE AND CONTROLLED FEEDING 
Temper- Feed Group 
Period ature Week Control led Ad Libitum oc 
---
Herd No. Herd No. 
7 11 12 876 17 833 
l 114 108 84 100 
18 2 125 87 80 96 
3 119 92 98 88 
l 
l 161 136 131 138 
31 2 156 157 125 126 
3 149 143 127 115 
1 107 94 65 90 
18 2 86 90 68 66 
3 82 86 62 70 
2 
l 106 133 112 62b 
31 2 124 164 132 133 
3 123 163 133 134 
18 3 85 95 85 79 
3 
31 3 125 142 125 126 
a Also called pulmonary ventilation rate (P .V .R.) or minute rate 
bSick 
166 178 
164 182 
154 162 
196 164 
182 181 
164 164 
113 109 
121 126 
132 132 
166 174 
167 169 
158 160 
136 165 
173 158 
.. 
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TABLE 8--RESPIRATORY VAPORIZATION, GRAMS/HOUR, IN LACTATING 
HOLSTEIN COWS; EFFECTS OF TEMPERATURE AND CONTROLLED FEEDING 
Temper- Feed Group 
~eriod oture Week Controlled Ad Libitum oc 
---
Herd No. Herd No. 
7 11 12 876 17 833 
1 194 179 140 164 276 306 
18 2 202 148 133 136 270 305 
3 188 152 159 146 258 265 
l 
1 252 231 229 201 326 273 
31 2 253 260 252 214 284 320 
3 251 260 231 202 256 288 
1 201 183 134 171 214 219 
18 2 163 178 135 129 221 253 
3 179 191 143 138 270 282 
2 
1 166 237 206 106° 250 295 
31 2 207 288 234 216 264 284 
3 204 284 244 239 257 262 
18 3 187 196 172 169 291 322 
3 
31 3 221 271 231 233 294 280 
0 Sick 
20 
Period 
I 
2 
3 
I 
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TABLE 9--TIDAL AIRa, LITERS, IN LACTATING HOLSTEIN COWS; 
EFFECTS OF TEMPERATURE AND CONTROLLED FEEDING 
(With Mask) 
Temper- Feed Group 
a tu re Week Controlled Ad Libitum oc 
Herd No. Herd No. 
7 11 12 876 17 833 
1 2.86 3.38 2.78 3.86 4.05 4.34 
18 2 2.72 2.58 2.75 3.74 4.09 4.32 
3 3. 14 2.86 2.99 3.54 3.81 4.45 
I 2.94 3.01 2.81 3 . 76 3.57 3.72 
31 2 2.99 2. 91 2.46 2.86 3.51 3 . 95 
3 2.83 2. 91 2.51 2.49 3.34 3.82 
1 2.81 2.77 2.37 2.92 3.06 3.58 
18 2 2.68 2.65 2.63 3.01 3.02 3.95 
3 2.72 2.72 2.68 3. 15 3.73 3.93 
1 2.93 2.88 3.39 2.49b 3.54 3.56 
31 2 2.79 3.37 2.69 3.34 3.24 3.54 
3 3. 13 3.52 2.56 3.28 3.72 3.63 
18 3 3.47 3. 12 3.54 4.26 3.88 4.61 
31 3 2.75 2.87 2.44 3.36 3.65 3.78 
I 
aTidal air is the volume of air expired during one exhalation. These values were 
computed by dividing the exhaled air volumes, liters per minute, by the respirations per 
minute (with mask). If it can be assumed that the exhaled air volume is the same with-
out mask as with mask, the tidal air without mask can be computed by dividing the 
volume rates of Table 7 by the respiratory rates of Table 11. 
bSick 
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TABLE 10--PULSE RATESa, BEATS/MINUTE, IN LACTATING HOLSTE IN COWS; 
EFFECTS OF TEMPERATURE AND CONTROLLED FEEDING 
Temper- Feed Group 
Period a tu re Week Control led Ad Libitum oc 
---
Herd No. Herd No. 
7 11 12 876 17 833 
1 57 56 51 32 63 52 
18 2 69 71 71 66 76 75 
3 63 68 70 70 84 74 
1 
1 67 66 70 72 88 69 
31 2 59 59 62 59 76 61 
3 56 56 63 60 80 62 
1 69 77 70 71 78 71 
18 2 62 68 74 62 90 77 
3 62 67 72 63 92 79 
2 
1 58 72 29 59 90 81 
31 2 52 59 66 62 80 63 
3 54 62 66 63 72 66 
1 67 70 75 68 84 78 
18 2 66 70 78 70 90 76 
3 60 71 81 61 86 82 
3 
1 64 72 74 71 90 81 
31 2 54 63 66 66 86 66 
3 58 65 66 62 80 73 
a Averages of five measurements on each cow each week. 
21 
TABLE 11--RESPIRATIONS/MINUTEa IN LACTATING HOLSTEIN COWS; EFFECTS 
OF TEMPERATURE AND CONTROLLED FEEDING 
(Without Mask) 
Temper-
Feed Group 
Period ature Week Controlled Ad Libitum 
oc ---
Herd No. Herd No. 
7 11 12 876 17 833 
l 74 70 75 62 84 75 
18 2 55 50 45 49 66 60 
3 55 65 52 46 68 57 
1 
1 104 90 83 78 91 89 
31 2 106 101 90 95 96 94 
3 110 92 93 100 88 83 
1 58 57 53 60 62 49 
18 2 70 56 47 38 65 51 
3 47 59 37 32 61 50 
2 
l 81 83 81 53b 84 89 
31 2 98 100 97 92 94 97 
3 91 83 94 74 88 86 
l 55 40 48 40 48 36 
18 2 44 44 37 29 50 49 
3 34 55 33 30 57 47 
3 
l 75 78 77 56 83 88 
31 2 97 87 97 89 95 92 
3 90 96 98 81 87 81 
0 Averages of five measurements on each cow each week. 
TABLE 12--RECTAL TEMPERATURESa, °C, OF LACTATING HOLSTEIN COWS; 
EFFECTS OF TEMPERATURE AND CONTROLLED FEEDING 
Temper- Feed Group 
Period ature Week Controlled Ad Libitum oc 
---
Herd No. Herd No. 
7 ll 12 876 17 833 
l 38.5 38.8 38.5 38.4 38.9 38.6 
18 2 38.5 38.8 38.6 38.3 39. l 38.7 
3 38.4 38,8 38.6 38.3 39.0 38.7 
l 
1 39.0 39.3 39.4 38.7 40.4 39.3 
31 2 39.9 40. l 40.3 39.6 40. 9 39.8 
3 40.0 40.3 40.2 39.5 40.3 39.6 
1 38.5 38.6 38.4 38.4 38.7 38.4 
18 2 38.3 38.5 38.3 38.2 38.9 38.6 
3 38.4 38.5 38.3 38 .3 38.9 38.4 
2 
1 38.5 39. l 39. l 38.7b 40.2 39.2 
31 2 39.4 40.6 40.2 39.7 40.9 40.0 
3 39.5 40.6 40.3 39.4 40.8 39.7 
1 38.3 38.6 38.6 38.4 38.7 38.5 
18 2 38.3 38.6 38.4 38 . 3 38.8 38.4 
3 3 38.3 38.5 38.3 38.3 39.0 38.6 
1 38.7 39.2 39. 1 38.5 40.2 39.2 
31 2 39. 2 40. l 39.8 39.6 40.7 39.8 
3 39.2 40.5 40.0 39. l 40.9 39.8 
0 Averages of five measurements on each cow each week. 
bSiCk 
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TABLE 13--EFFECTS OF CONTROLLED AND AD LIBITUM FEEDING, AND 18°C AND 
31°C TEMPERATURES ON RESPIRATORY EXCHANGE AND SPOT SKIN 
VAPORIZATION MEASUREMENTS 
Period 
I I 
2 3 
Week 2 3 2 3 3 
Group Means of Oxygen Consumption, Liters/Hour, STPa 
Centro I -fed l8oC 141 135 141 158 164 159 184 
group (4) 31°C 153 138 156 167 161 171 170 
Ad libitum- l8oC 172 189 189 175 203 222 240 
fed group (2) 31°C 190 151 177 227 188 185 188 
Group Means of Carbon Dioxide Production, Liters/Hour, ST Pb 
Control-fed l8oC 133 124 127 130 119 149 151 
group 31°C 132 129 125 151 138 148 138 
Ad libitum- l8oC 178 188 195 150 165 202 199 
fed group (2) 31°C 153 132 153 196 155 148 153 
Group Means of Methane Production, Liters/Hour, STPc 
Control-fed l8oC 10.6 9.4 9.8 11.6 10.0 11.2 14.2 
group (4) 31°C 10.0 11.2 8.8 10.6 15.0 15.2 15.8 
Ad libitum- l8oC 13.5 12.2 23. l 17.8 13.0 20.8 17.7 
fed group (2) 31°C 17.0 9.6 15.3 17.7 15.4 19.9 17. l 
Group Means of Spot Skin Vaporization, grams/m2/hrd 
Control-fed l8oC 65 46 --- 62 65 --- 53e 
group (4) 31°C 108 58 55 86 64 --- 49e 
Ad libitum- l8oC 81 70 --- 64 38 --- 6le 
fed group (2) 31°C 94 57 --- 82 69 --- 52e 
Number of measurements/animal/week: a = 4; b = 4; c = 4; d = 1. 
eThis measurement was made the second week of period 3. 
